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The H-Coal@ Process has been under development f o r  ove r  ten  years 
and has been supported b y  government and indus t r y .  Work has been c a r r i e d  
o u t  on bench-scale u n i t s  hand l i ng  about 25 pounds o f  coa l  p e r  day and i n  a 
Process Development U n i t  (PDU) hand l i ng  3 tons p e r  day. Some fou r teen  
coals ,  i n c l u d i n g  b i tuminous,  subbituminous, l i g n i t e  and brown coal  have 
been tested w i t h o u t  d i f f i c u l t y .  

I n  the  H-Coal Process, coa l  i s  d r i ed ,  pu l ve r i zed ,  and s l u r r i e d  
w i t h  coal -der ived o i l  for  cha rg ing  to  t h e  coal  hydrogenat ion u n i t .  The 
h e a r t  o f  t h e  process i s  t he  unique reac to r  des ign shown i n  F igu re  1 .  The 
c o a l - o i l  s l u r r y  i s  charged con t inuous ly  w i t h  hydrogen t o  a r e a c t o r  con- 
t a i n i n g  a bed o f  e b u l l a t e d  c a t a l y s t  wherein the  coal i s  c a t a l y t i c a l l y  
hydrogenated and conver ted  t o  l i q u i d  and gaseous products. I n  the  ebul -  
l a t e d  bed t h e  upward passage o f  t h e  sol i d ,  1 i q u i d ,  and gaseous m a t e r i a l s  
mainta ins t h e  c a t a l y s t  i n  a f l u i d i z e d  s t a t e .  The r e l a t i v e  s i z e  o f  t h e  
c a t a l y s t  and coal i s  such t h a t  o n l y  t h e  unconverted coa l ,  ash, l i q u i d  
and gaseous products  l e a v e  the  reac to r  w h i l e  t h e  c a t a l y s t  remains there-  
i n .  
t i v i t y  can be  mainta ined.  The reac to r  prov ides a s imple means o f  con- 
t r o l l i n g  reac to r  temperature and an  e f f e c t i v e  con tac t  between t h e  reac t -  
i n g  species and t h e  c a t a l y s t ,  p e r m i t t i n g  a s a t i s f a c t o r y  degree o f  reac- 
t i o n  a t  reasonable o p e r a t i n g  pressure. The l i q u i d  product  from the  re-  
a c t o r  i s  a s y n t h e t i c  c rude  o i l  which can be conver ted t o  gaso l i ne  and 
furnace o i l  by conven t iona l  r e f i n i n g  processes. A l t e r n a t e l y ,  under 
m i l d e r  ope ra t i ng  c o n d i t i o n s ,  a c lean  f u e l  gas and low s u l f u r  f u e l  o i l s  
may be produced. The r e l a t i v e  amounts o f  these products  depend on t h e  
des i red  s u l f u r  l e v e l  i n  the  heavy fue l  o i l .  

Ca ta l ys t  can be  added and withdrawn con t inuous ly  so a constant  ac- 

I n  September 1974, Hydrocarbon Research, Inc. received an 
8.1 m i l l i o n  d o l l a r  f i r s t  phase c o n t r a c t  t o  des ign a nominal 600 ton pe r  
day p i l o t  p l a n t  t o  demonstrate t h e  H-Coal Process. The c o n t r a c t  i s  
j o i n t l y  funded two t h i r d s  by Government and one t h i r d  by i ndus t r y .  A t  
t h e  present t ime two o i l  companies and E l e c t r i c  Power Research I n s t i t u t e  
a r e  the  i n d u s t r y  rep resen ta t i ves .  

The proposed p i l o t  p l a n t  w i l l  be l oca ted  a t  Ca t le t t sbu rg ,  
Kentucky, ad jacent  t o  t h e  Ashland O i l  Ref inery.  I t  i s  designed f o r  two 
modes of  ope ra t i on ,  ( I )  t o  process 633 tons o f  coal  pe r  day t o  pro- 
duce 1.920 b a r r e l s  o f  f u e l  o i l  w i t h  l e s s  than 0.7 W % s u l f u r  from coa l  
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con ta in ing  more than 3 W % s u l f u r  ( f u e l  o i l  mode), o r  (2)  t o  process 210 
tons o f  coal pe r  day t o  produce 740 b a r r e l s  p e r  day o f  s y n t h e t i c  crude 
(syncrude mode). The des ign bas i s  f o r  t he  f u e l  o i l  mode of  ope ra t i on  i s  
based on  bench-scale exper imentat ion.  
been d i r e c t e d  towards c o n f i r m i n g  i n  the  PDU t h e  des ign bas i s  f o r  the p i l o t  
p l a n t .  

The c u r r e n t  l a b o r a t o r y  program has 

H-COAL CATALYST 

The H-Coal Process uses a commercial Co-Mo c a t a l y s t  developed 
o r i g i n a l l y  f o r  d e s u l f u r i z i n g  the  pet ro leum res idua.  The Co-Mo c a t a l y s t  
s e l e c t i v e l y  hydrocracks t h e  ca rban-su l fu r  bonds t o  re lease  t h e  s u l f u r  as 
hydrogen s u l f i d e  and t o  te rm ina te  t h e  carbon bond byhydrogenolys is  w i t h -  
o u t  c rack ing  o f  t h e  carbon-carbon bond. Bituminous coa l  and subbituminous 
coa l  a r e  cha rac te r i zed  by t h e  f a c t  t h a t  they a r e  ma in l y  composed of con- 
densed aromat ic  r i n g s  and oxygen-containing f u n c t i o n a l  groups: -COOH,-OCH3 
-OH, and "L- C=O". These f i r s t  t h r e e  f u n c t i o n a l  groups a r e  a l l  t e rm ina l  
groups, but  t h e  so -ca l l ed  "carbonyl group" ("bC=O") e x i s t s  as an oxygen 
b r i d g e  l i n k i n g  t h e  condensed aromat ic  r i n g s  together. E f f i c i e n t  coal 
l i q u e f a c t i o n  w i t h  minimum hydrogen consumption can be achieved if t h e  
"'C=O'' l i nkage  i s  s e l e c t i v e l y  hydrocracked. Since t h e  o rgan ic  func t i ona l  
groups c o n t a i n i n g  oxygen or  s u l f u r  behave s i m i l a r l y ,  t he  use o f  Co-Mo 
c a t a l y s t  f o r  coa l  1 i q u e f a c t i o n  and d e s u l f u r i z a t i o n  has g i ven  reasonably 
good performance. 

H R I  has accumulated n e a r l y  50,000 hours o f  process eva lua t i on  
and o p t i m i z a t i o n  i n  bench sca le  and process development u n i t s .  While 
t h e  H-Coal Process development i s  i n  an advance s tage i n  most respects ,  
c a t a l y s t  e v a l u a t i o n  and development has n o t  kept  pace w i t h  o v e r a l l  pro-  
gram progress. A proposal f o r  improv ing t h e  c u r r e n t  Co-Mo c a t a l y s t  has 
been submitted t o  t h e  Energy Research and Development Admin i s t ra t i on .  I t  
i s  a n t i c i p a t e d  t h a t  an approval from ERDA w i l l  be received soon. 

CATALYST DEACTIVATION . 
C r i t i c a l  examinat ion o f  a v a i l a b l e  a n a l y t i c a l  data on f r e s h  and 

used c a t a l y s t s  has d i sc losed  t h a t  t h r e e  common causes f o r  c a t a l y s t  de- 
a c t i v a t i o n ,  namely, carbon depos i t i on ,  s i n t e r i n g ,  and metal depos i t i on  
con t r i bu ted  t o  t h e  d e a c t i v a t i o n  o f  t he  Co-Mo c a t a l y s t .  T h e i r  r e l a t i v e  
det r imenta l  e f f e c t s  on the  c a t a l y s t  v a r y  w i t h  the  rank o f  coal  be ing 
processed and the  process ing cond i t i ons .  

C a t a l y s t  d e a c t i v a t i o n  curves i n  terms o f  hydrogen consumption 
and s u l f u r  con ten t  o f  f u e l  o i l  a re  presented i n  F i g u r e s  1 & 2 .  These 
curves were de r i ved  from HRI's recent  PDU ope ra t i on  w i t h  I l l i n o i s  No. 6 
coa l  from Burn ing S t a r  Mine and wer inc luded i n  a paper presented a t  t he  
68 th  A I C H E  Meeting, November, 1975.T') The d e a c t i v a t i o n  curves a r e  char-  
a c t e r i z e d  by a steep i n i t i a l  d e a c t i v a t i o n  fo l l owed  by a gradual dec l i ne .  
The shape o f  t h e  cu rve  i s  t y p i c a l  o f  most c a t a l y s t  d e a c t i v a t i o n  curves. 

A d i scuss ion  i s  g i ven  below w i t h  respect  t o  t h e  magnitude o f  
carbon depos i t i on ,  s i n t e r i n g ,  and metal depos i t i on  on the  Co-Mo c a t a l y s t  
and the r e l a t i v e  importance o f  these th ree  f a c t o r s  in  c o n t r i b u t i n g  t o  
cats 1 ys t deac t i va t i on .  
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CARBON OEPOS I T  I O N  

The used c a t a l y s t s  conta ined IO t o  35% carbon. I n  operat ions i n  
the  normal range o f  c o n d i t i o n s  the used c a t a l y s t  conta ined IO t o  20% carbon. 
No cons is ten t  t rend  has been observed between t h e  magnitude o f  carbon 
depos i t i on  on c a t a l y s t  and t h e  rank o f  coal  feed. Although the  lower rank 
coals (e.g. Wyodak Coal) and l i g n i t e s  tend toward the  lower end o f  t h e  
range, w h i l e  h i g h e r  rank c o a l s  (e.g. P i t t sbu rgh  Seam Coal) tend toward the  
h igher  end o f  t h i s  range. For purposes o f  i l l u s t r a t i o n ,  Table 1 summarizes 
the  carbon content  o f  used c a t a l y s t  from a number o f  bench u n i t  experiments 
on P i t t sbu rgh  Seam Coal. The extent  o f  carbon d e p o s i t i o n  reaches a c e r t a i n  
l eve l  w i t h i n  a few days t ime  and does not  increase w i t h  f u r t h e r  operat ions,  
Low pressure o p e r a t i o n s  a t  800 ps i  hydrogen pressure o r  lower i n v a r i a b l y  
y ie lded  carbon d e p o s i t i o n  o f  over  22% on used c a t a l y s t .  Experiments c a r r i e d  
ou t  w i t h  c a t a l y s t  a f t e r  regenerat ion i n d i c a t e  t h a t  carbon depos i t i on  con- 
t r i b u t e s  s i g n i f i c a n t l y  t o  i n i t i a l  c a t a l y s t  deac t i va t i on .  

Table I 

CARBON CONTENT OF USE0 CATALYSTS 

Coal Feed 
Coal Processed, Lb. 
Ca ta l ys t  Age, Hours 

P i t t s b u r g h  Seam ----------- 
760 102 805 2246 2602 
503 59 463 1474 263 

--------- 

Hydrogen P a r t i a l  Pressure, p s i g  800 -----------1800-------------- 
Used Ca ta l ys t ,  % C 26.5 19.0 l3 .k  20.7 20.0 

S INTER I NG 

The Co-Mo c a t a l y s t s  used i n  t h e  m a j o r i t y  o f  experiments a r e  
supported on gamma alumina. Gamma alumina i s  t h e r m a l l y  unstable,  p a r t i c -  
u l a r l y  i n  the presence o f  steam. L i t e r a t u r e  data a r e  a v a i l a b l e  on the  
e f f e c t  o f  steam on s i n t e r i n g  o f  alumina. For  t h e  purpose o f  i l l u s t r a t i o n ,  
the e f f e c t  o f  tem e r a t u r e  and steam on t h e  s i n t e r i n g  o f  a n i c k e l  on gamma 

causes an i n i t i a l  drop i n  su r face  area d u r i n g  t h e  f i r s t  s i x t y  hours b u t  
a l s o  enhances the  l ong  term s low  r a t e  o f  dec l i ne .  

alumina c a t a l y s t (  ! ) i s  shown i n  F igu re  4. The presence o f  steam not  o n l y  

An examinat ion o f  t h e  a v a i l a b l e  a n a l y t i c a l  data on f resh ,  used, 
and regenerated c a t a l y s t s  i nd i ca tes  t h a t  c a t a l y s t  s i n t e r i n g  occurred a f t e r  
an extended run of t h i r t y  days us ing I l l i n o i s  No. 6 coa l  where in the  
H20 :  H2 i n  t h e  r e a c t o r  o u t l e t  gas i s  about 1 :  8. 
under s i m i l a r  c o n d i t i o n s  d i d  no t  cause any n o t i c e a b l e  s i n t e r i n g  o f  c a t a l y s t .  
S i n t e r i n g  was q u i t e  pronounced a f t e r  a f o r t y  n i n e  day o p e r a t i o n  us ing  par- 
t i a l l y  d r i e d  coal  c o n t a i n i n g  20% moisture,  r e s u l t i n g  i n  a HpO: H2 r a t i o  
o f  1 :  2 i n  r e a c t o r  o u t l e t  gas. 
the observed h igh  d e a c t i v a t i o n  r a t e  of the  wet Wyodak coal  ope ra t i on  i n  
comparison to a s i m i l a r  experiment us ing  more complete ly  d r i e d  Wyodak 
coal c o n t a i n i n g  o n l y  2% moisture.  

An eleven day opera t i on  

C a t a l y s t  s i n t e r i n g  cou ld  be the  cause f o r  
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METAL DEPOS IT1 ON 

Some t y p i c a l  a n a l y s i s  o f  coa l  ash composi t ion and major  c a t a l y s t  
contaminants a r e  shown i n  Tables 2 and 3. Table 4 presents  a semi-quan- 
t i t a t i v e  a n a l y s i s  o f  a t y p i c a l  used c a t a l y s t  by emission spectrometry. 
The r e l a t i v e  l e v e l  o f  metal contaminants on the  c a t a l y s t  was n o t  i n  t h e  
r a t i o  c h a r a c t e r i s t i c  o f  t h e  ash composi t ion o f  t h e  coa l .  Metal contam- 
i nan ts  a c t  as a phys i ca l  b a r r i e r  between t h e  reactants  and a c t i v e  s i t e s  
o f  the c a t a l y s t .  When any metal contaminant increases w i t h  c a t a l y s t  age, 
i t  u s u a l l y  i s  t he  pr ime f a c t o r  i n  causing c a t a l y s t  deac t i va t i on .  The 
common metal contaminants on the used c a t a l y s t  a r e  t i t a n i u m ,  i r o n ,  ca lc ium 
and sodium. Bituminous coal ,  such as P i t t s b u r g h  Seam and I l l i n o i s  No. 6, 
deposi ts  app rec iab le  amounts o f  t i t a n i u m  and low amounts o f  ca l c ium and 
sodium; subbituminous coa l ,  such as Wyodak, u s u a l l y  depos i t s  h i g h e r  amounts 
o f  sodium and s i m i l a r  amounts o f  ca l c ium i n  comparison t o  t h e  b i tuminous 
coal. The range of  i r o n  depos i t i on  i s  s i m i l a r  from va r ious  ranks o f  coal .  

Table 2 

COMPOSITION OF COAL ASH 

Coa 1 

Ash, W % 

Composition o f  Ash, W % 
Phosphorus Pentoxide 
S i l i c a  
F e r r i c  Oxide 
A I  umi na 
T i t a n i a  
Calcium Oxide 
Magnesium Oxide 
Su 1 f u r  T r i o x i d e  
Potassium Oxide 
Sodium Oxide 
Undetemi  ned 

Wyodak 

9.73 

0.61 
33.64 

3.80 
17.08 

1.16 
18.50 
4.70 

18.04 
0.71 
0.80 
0.95 

Table 3 

CONTAMINANTS ON USED CATALYSTS 

Coal Feed Wyodak 

Ca ta l ys t  Age, 
Ib .  Coal / lb .  C a t a l y s t  78 1 

Oi l -F ree  Ca ta l ys t ,  Analyses, W % 
Carbon 13.67 
S u l f u r  5.13 
I ron 1.73 
T i tan ium 0.03 
Sod i urn 1.46 
Cal c i  um 1.04 

35 

I 1 1 i n o i  s 
No. 6 

9.95 

0.06 
45.74 
16.18 
18.95 
0.95 
9.50 
0.94 
4.52 
1.79 
0.43 
0.94 

I 1  1 i n o i s  
No. 6 

2644 

10.9 
4.6 
1.5 

5.11 
0.42 
0.24 
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Table 4 

E M I S S I O N  SPECTROMETRY ANALYSIS OF A TYPICAL USED CATALYST 

Analys is  o f  O i l -F ree  (Benzene-Extracted) +20 Mesh Ext rudates 

Element 
Approxi mate 

W % Meta l  

A 1 um i num 
Antimony 
Arsenic  

10 
0.02 

0.2 

Barium 
Bery l  1 i um 
Boron 

Not de tec ted  
0.01 
0.7 

Calcium 
Ch rorn i urn 
Coba 1 t 
Copper 

0.3 
0.05 

1 
70.01 

Gal 1 ium 
Germanium 
I ron 
Lead 

0.05 
0.3 

1 
0.01 

Magnes i um 
Manganese 
Molybdenum 

0.2 
0.08 

5 

N i  ob i um 
Nickel  
S i l i c o n  

-0.01 
0.3 
0.2 

T i  tan i urn 
Vanad i um 
Zinc 
Z i rcon i urn 

3 
0.2 
0.1 

0.05 

I t  i s  observed t h a t  among the  metal contaminants i d e n t i f i e d  so f a r ,  
t i t a n i u m  depos i t i on  f r o m  t h e  b i tuminous coal  increased w i t h  c a t a l y s t  age. 
Recent analyses o f  benzene- insolub le and benzene-soluble components o f  t h e  
res idua de r i ved  f rom I l l i n o i s  No. 6 coal  show t h a t  t h e  benzene-insoluble 
p o r t i o n  o f  t h e  residuum con ta ins  about the same amount o f  t i t a n i u m  as 
p r e s e n t , i n  t h e  M.A.F. c o a l ,  900 ppm, and t h e  benzene-soluble p o r t i o n  of  
t h e  residuum con ta ins  o n l y  about 5% o f  t h e  t i t a n i u m  as present  i n  the  coal .  
Thus i t  i s  q u i t e  l o g i c a l  t o  deduce from these data t h a t  t i t a n i u m  e x i s t s  i n  
a form o f  o rganometa l l i c  complex i n  the  b i tuminous coa l .  Th i s  deduct ion i s  
f u r t h e r  supported b y  t h e  knowledge t h a t  t i t a n i u m  i s  j u s t  be low vanadium 
w i t h  respect t o  t h e  s t r e n g t h  o f  the l igand-metal bonds and s t a b l e  vanadium 
p rophy r in  e x i s t s  i n  pet ro leum, I t  should be noted t h a t  ve ry  l i t t l e  t i t a -  
nium was deposi ted on t h e  c a t a l y s t  when Wyodak coa l  was processed, even 
though Wyodak coa l  c o n t a i n s  about the same amount o f  t i t a n i u m  as I l l i n o i s  
No. 6 coal .  Fu r the r  work i s  needed t o  e s t a b l i s h  whether t h e  benzene- 
i n s o l u b l e  residuum f rom the  Wyodak coa l  con ta ins  any s i g n i f i c a n t  amount o f  
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t i t an ium.  
nium present  i n  t h e  I l l i n o i s  No. 6 b i tuminous coal  deposi ted on t h e  

I t  i s  a l s o  observed t h a t  o n l y  about one- twent ie th o f  t h e  t i t a -  

c a t a l y s t .  

Scanning e l e c t r o n  micrograph o f  spent c a t a l y s t s  showed t h a t  
t i t a n i u m  pene t ra ted  t o  a depth o f  approx imate ly  10% o f  the rad ius  o f  
t he  1/16" ext rudate,  and i r o n  was found i n  c l u s t e r s  on the su r face  o f  
t he  ext rudate.  The way t h a t  t i t a n i u m  depos i t i on  concentrates i n  the  
per iphery o f t h e c a t a l y s t  ex t ruda te  i s  expected t o  be more de t r imen ta l  
i n  reducing t h e  e f f e c t i v e  d i f f u s i o n  o f  "coal molecule" i n t o  the  c a t a l y s t  
pore than i f  t h e  t i t a n i u m  were d i s t r i b u t e d  u n i f o r m l y  throughout t h e  whole 
e x t  ruda te. 

When b i tuminous coal ,  such as I l l i n o i s  No. 6, was processed and 
was l i q u i f i e d ,  metal depos i t i on  appeared t o  cause t h e  gradual b u t  steady 
d e a c t i v a t i o n  o f  c a t a l y s t  . 

CATALYST ATTRITION 

The magnitude o f  c a t a l y s t  a t t r i t i o n  i n  t h e  e b u l l a t e d  bed reac to r  
i s  we l l  de f i ned  by the  r o t a t i n g  drum a t t r i t i o n  t e s t  developed by H R I .  By 
apply ing t h i s  t e s t ,  H R I  has success fu l l y  chosen a commercial c a t a l y s t  which 
showed s a t i s f a c t o r y  a t t r i t i o n  r e s i s t a n c e  du r ing  recent  POU operat ions.  
Cata lysts  recover ies a r e  summarized i n  Table 5. About 93 W % c a t a l y s t  
(by Mo balance) was recovered a f t e r  814 hours ope ra t i on ,  process ing 2,687 
I b .  c o a l / l b .  c a t a l y s t .  The increase i n  weight  o f  t h e  c a t a l y s t  was con- 
s i s t e n t l y  g r e a t e r  than t h e  t o t a l  weight  o f  t h e  major  contaminants de te r -  
mined. These and o t h e r  data obta ined w i t h  d i f f e r e n t  coal  feeds i n d i c a t e  
the  p o s s i b i l i t y  o f  t h e  presence o f  o t h e r  major  contaminants. Depos i t i on  
o f  alumina appears t o  be another major contaminant as shown by a few 
analyses comparing the  A I  t o  Mo r a t i o  o f  f r e s h  and used c a t a l y s t .  

Table 5 

CATALYST RECOVERY FROM PDU OPERATIONS 

Run A B C D 

Cata lyst  Age 
Hours 814 535 475 272 
Coal Processed, Lb/Lb Ca ta l ys t  2687 3061 2451 1509 

Cata lyst  Recovery, W % 
Gross Weight 139.0 140.6 133.8 156.4 
Gross Weight l e s s  major 

Contaminants determined 103.5 102.3 100.0 112.2 
Molybdenum Balance 92.7 96.8 96.4 97.6 
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SUMMARY AND CONCLUS IONS 

C r i t i c a l  examinat ion o f  a v a i l a b l e  a n a l y t i c a l  data on f r e s h  and 
used c a t a l y s t s  d i s c l o s e d t h a t  t h ree  common causes f o r  c a t a l y s t  d e a c t i v a t i o n ,  
namely, carbon depos i t i on ,  s i n t e r i n g ,  and meta l  deposi t ion,  c o n t r i b u t e d  
t o  the  d e a c t i v a t i o n  o f  t h e  Co-Mo c a t a l y s t  used i n  t h e  H-Coal@ Process. 
The i r  r e l a t i v e  de te r imen ta l  e f f e c t s  on the c a t a l y s t  va ry  w i t h  the  rank o f  
coal bein'g processed and t h e  process cond i t i ons .  

The used c a t a l y s t  con ta ined  IO t o  35% carbon. The e x t e n t  o f  
carbon depos i t i on  i s  a f f e c t e d  more b y  process cond i t i ons  than by e i t h e r  
coal feed o r  c a t a l y s t  age. Low pressure operat ions a t  1000 p s l g  or 
lower y i e l d e d  h l g h  carbon d e p o s i t i o n  o f  over  22%. 

The Co-Mo c a t a l y s t  i s  supported on gamma alumina. The pronounced 
e f f e c t  o f  steam on s i n t e r i n g  o f  gamma alumina a t  temperatures below 1ODO"F 
i s  w e l l  known. Operat ions w i t h  subbituminous coal  such as Wyodak coal  
caused much more pronounced c a t a l y s t  s i n t e r i n g  than those us ing  b i tuminous 
coal such as I l l i n o i s  No. 6 coa l .  The h igh  oxygen and h igh  mo is tu re  con- 
t e n t  o f  Wyodak coal  ( i n  the  event  o f  incomplete d ry ing )  g i v e  r i s e  t o  a 
r e l a t i v e l y  h i g h  H20/H2 r a t i o  i n  t h e  process gas, which caused r a p i d  c a t a l y s t  
deac t i va t i on  through s i n t e r i n g .  

Major me ta l  contaminants found on the  c a t a l y s t  a r e  t i t a n i u m ,  i r o n ,  
calcium, and sodium, and i n  some cases a l s o  aluminum. The magnitude o f  t i -  
tanium depos i t i on  o n  c a t a l y s t  from b i tuminous coal feed increased w i t h  
c a t a l y s t  age. T i tan ium d e p o s i t i o n  was concentrated t o  a depth o f  approx- 
imate ly  10% of t h e  rad ius  o f  spent 1/16" extrudate,  whereas i r o n  was found 
i n  c l u s t e r s  on the  e x t r u d a t e  sur face.  

I t  i s  concluded t h a t  t he  i n i t i a l  c a t a l y s t  deac t i va t i on  i s  caused 
by carbon d e p o s i t i o n  i n  the  case o f  b i tuminous coal .  Both carbon deposi- 
t i o n  and s i n t e r i n g  c o n t r i b u t e  t o  the  i n i t i a l  c a t a l y s t  d e a c t i v a t i o n  w i t h  
subbituminous coal feed. T i tan ium d e p o s i t i o n  from the bituminous coal 
causes a gradual d e c l i n e  i n  c a t a l y s t  a c t i v i t y .  

Commercial Co-Mo c a t a l y s t s  have shown d i f f e r e n t  magnitude o f  
c a t a l y s t  a t t r i t i o n  i n  t h e  e b u l l a t i n g  bed reac to r .  HRI developed a r o t a t i n g  
drum a t t r i t i o n  t e s t  which d e f i n e s  t h e  a t t r i t i o n  res i s tance  o f  t he  c a t a l y s t  
under H-Coal process ing c o n d i t i o n s ,  H R I  success fu l l y  chose a commercial 
c a t a l y s t  which showed s a t i s f a c t o r y  a t t r i t i o n  res i s tance  du r ing  recen t  
extended PDU opera t i ons  a t  gas and coa l  ra tes  a t  t h e  design va lues  f o r  t h e  
p i l o t  p l a n t  be ing  b u i l t  a t  t h e  present  t ime. 
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